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I A cyclically movable grouwUngaging structure jrochi as 
a tyre (10). The tyre (10) comprises a ^f^J^^ 
body (12) having provided therein a plurality of cavitfes (25) 
each Uded^r^ wan (32). ^cavto^re 
arranged to assume a aoss-sectkmal configtiration ur^ retilient 
deforce* of me body under normal ^J°°f^^ 
W 1 — m caiH ^figuration inhibits formation of zones of nigh 

1 ^co^^S SB BE lJii "» U .^T 

^figuration assumed by each or ine cavities (32) upon the 
resilient deformation of me body may be a ^ ™* 
configuration of the cavities inhibits deformation of ^c*rty 
walls (32) to an extent which would allow wall sections thereof 
to come into contact one with another. In this way, deformation 
of the cavity walls (32) to the extent where a tight radius of 
curvature is formed therein is inhibited. 
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"Ground-Engaging Structure" 



PCT/AU95/00514 



Technical Field 



This invention relates to a cyclically movable ground-engaging structure for 
providing cushioning on an engaged ground surface. The ground-engaging 
structure may, foraram^le^comprise a^tyre)for a wheel or a ground-contacting 
structure for an (endless track) More particularly, the invention relates to such 
ground-engaging structures which are of non-pneumatic character. 



Background of the invention 



There have been various proposals for {n on-pneun^ic] (tyres)for vehicles, 
including one-piece tyres and composite tyres assembled from a plurality of tyre 
segments. Examples of such tyres are disclosed in US 1365539 (Pepple), 
US 1414252 (Brubaker), US 1487920 (Dawson), US 1570048 (Dickensheet), 
US 5139066 (Jarman), and AU 502409 (Bayer). The proposals typically 
comprise a tyre having an annular body formed of elastomeric material such as 
rubber, and laterally extending cavities formed in the annular body and opening 
onto the sides thereof. The cavities are intended to provide the tyre with 
sufficient resilience for a cushioned ride. 



Such proposals, in most cases, seek to provide a compromise between solid 
tyres which while not susceptible to puncturing do provide a harsh ride, and 
pneumatic tyres which while providing cushioning for a comfortable ride are 
susceptible to puncturing. 

With such proposals, the tyre generally requires a considerable amount of 
elastomeric material in order to have the required load-carrying capacity and 
durability. This has several disadvantag s, one relating to the cost of 
production of the tyre becaus of the quantity of elastomeric material required. 
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Further, the amount of lastom ric material can be prejudicial to th cushioning 
charact risticsofth tyre. 

There is therefore a need to optimise the configuration of the cavities in the body 
5 of the tyre with a view to minimising the amount of elastomeric material 
employed for a given load-carrying capacity, while providing a tyre which is 
durable and which offers sufficient cushioning for a comfortable ride. 

In the proposals referred to above, the configurations of the cavities have varied 
10 greatly from simple circular apertures such as proposed in Dickensheet and 
Dawson, to more complex shapes such as proposed in Pepple and Bayer. 

The proposals have not, however, provided non-pneumatic tyres which are 
altogether satisfactory. (a typical (p^^|is that where such a tyre has 

15 sufficiently resilience to provide a cushioned ride there is a tendency under 
normal working loads for the cavities to deform to an extent which creates zones 
o f high stress concentration at the cavity walls!) T hese zones of high stre ss 
concentration arise from formation of areas having tight radii of curvature in the 
walls of the deformed cavities . The zones of high stress concentr ation are k 

20 ^ cyclically applied during rotation of the tyre, resu lting in generation of heat which 
can lead to degradation of the tyr el Further, where the tyre is also subjected to 
high loadings (such as in acceleration or braking) the cavities may deform to 
such an extent that sections of the wall of each deforming cavity are forced into 
contact with one anther. Rotation of the tyre causes the c ontacting cavity wall 

25 sections to rub against each other which results in generation of further heat # 

This problem is even likely to exist in non-pn e umatic tyres having cavities whic h 
are circular in cross-section . The problem will be further explained with 
reference to Figs. 1 and 2 of the accompanying drawings which are schematic 
30 fragmentary side views illustrating a non-pneumatic tyre 1 comprising a body 2 
of resilient material such as rubber formed with a plurality of circumferentially 
spaced cavities 3 which xt nd completely through the body in the transverse 
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direction from on sid wall 4 t the other sid wall. Each cavity 3 is bound d 
by a cavity wall 5. In Fig. 1, the tyre 1 is illustrat d in an unloaded condition in 
which the cavities 3 are of circular cross-section. In Fig. 2, the tyre 1 is 
illustrated in a condition in which it is deforming under a static load, resulting in 
5 the formation of zones 6 each having a tight radius of curvature between two 
sections 7, 8 of the cavity wall 5 which are urged into opposing relationship. 
The zones 6 at which there are tight radii of curvature in the cavity wall are 
applied cyclically as the tyre rotates and result in the generation of heat. If the 
tyre is subjected to a high loading (which is not shown) in addition to the static 
10 loading, it may deform to an extent that the opposed cavity wall sections 7, 8 
adjacent one of the zones 6 are forced into contact with each other. Friction 
between the contracting cavity wall sections 7, 8 will generate further heat which 
will hasten degradation of the tyre. 



15 $&@fflB@m^!^m5Bffiffiffi3@ffi^^iffigm^g^^^^^^m 
^ataleast^r;^uees^ttne¥eff^^ofttttift^prnhiftmS 

Summary of the Invention 

20 

The present invention provides a cyclically movable ground-engaging structure 
comprising a resiliently deformable body having provided therein a cavity 
bounded by a cavity wall, Jtecavity^being arranged to assume a cross-sectional 
configuration upon resilient deformation of the body under normal static load 
25 conditions wherein said configuration inhibits formation of zones of high stress 
c oncentration at the cavity wall . 

The cross-sectional configuration assumed by the cavity upon the resilient 
deformation of the body may be a closed curve. 

30 

The configuration of the cavity pref rably inhibits deformation of the cavity wall 
to an extent which would allow wall sections thereof to come into contact one 
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with anoth r. In this way, deformation of the cavity wall to th xt nt wh re a 
tight radius of curvature is formed ther in is also inhibited. 

The cavity may be arranged to assume said cross-sectional configuration upon 
5 resilient deformation of the body through appropriate selection of the initial 
cross-sectional shape of the cavity in the undeformed condition of body. 

There may be various cross-sectional shapes suitable for the cavity in the 
undeformed condition of the body. A feature common to the majority, if n ot all, 

10 jjJMhe^urtable^ayKy^ro^ 

Jjejngcircular The rounded shape may, for instance, be triangular with rounded 
comers, or polygonal with rounded corners. Another suitable rounded shape 
may comprise a pair of spaced apart arcs with the concave sides thereof in 
facing relationship and intermediate lines extending between the arms. The two 

15 arcs may have radii of curvature which are equal or unequal. Where the arcs 
are unequal, the larger arc may be disposed towards either the outer side or the 
inner side of the body. The intermediate lines extending between the arcs may 
be curved, straight or of some other configuration. Where the intermediate lines 
are curved, the shape of the cavity in cross section may be a closed curve such 

20 as an ellipse or ovoid. Preferably, the cavity is longitudinal and of a 
substantially constant orientation throughout its length within the body. 

In the undeformed condition of the body, the cavity may be elongate in cross- 
section. In such a case, the elongate cavity may be so disposed that the major 
25 axis of the cross-sectional shape of the cavity is substantially normal to the 
direction of cyclical movement of the ground-engaging structure. For instance, 
where the ground-engaging structure is a tyre, the major axis of the cavity cross- 
sectional shape would be aligned with a radial axis of the tyre. 



30 



The feature wh reby th e cavity is elongate in cross-section and oriented such 
that the^major axis of the cross-sec tional shapei s substantially no rmal to th 
direction of cyclical movement of th ground-engaging structure is 
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advantageous for such a structure which is intended for bi-directional use. This 
is because the major ext nt of th cavity in cr ss-s ction is aligned with vertical 
loadings imposed on the deforming body of the ground-engaging structure when 
subjected to static loads. In this way, the cavity wall is better able to deform on 
resilient deformation of the body of the ground-engaging structure without 
distorting to provide a zone having a tight radius of curvature within the cavity or 
having surfaces of the cavity wall coming into contact with each other. 



The circumstances where the ground-engaging structure is of uni-directional 
use, it may be that the major axis of the cross-section of the cavity is inclined to 
the normal direction of cyclical movement in order to resist torsional loadings on 
the structure. 



Regardless of whether the cavity is elongate in cross-section, it preferably has 
two opposed end portions in cross-section which are aligned with a direction 
substantially normal to the direction of cyclical movement of the 
ground-engaging structure. In other words, the two end portions of the cross- 
section are in opposing relationship and spaced along a line which extends 
therebetween normal to the direction of cyclical movement of the ground- 
ngaging structure. One of the end portions may be enlarged with respect to 
the other. 



The body may be provided with a plurality of the cavities. 




The cavities conveniently each extend cross-wise through, the body with both 
nds of the cavity opening onto the exterior of the body. Other arrangements 
are, however, possible. The cavities mav be open at one end and closed at the 
other end. The cavities may also be open at both ends and dosed internally. 
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Th re may also be combinations of such arrangem nts, with some caviti s 
having one arrangement and other cavities having cliff rent arrangements. 

Where it is desirable to provide a non-pneumatic tyre which resembles a 
pneumatic tyre, the cavities may be arranged to open only onto a common side 
of the resiliently deformable body. With this arrangement, all of the cavities 
would be visible when the tyre is viewed from the common side but none of the 
cavities would be visible when the tyre is viewed from the opposite side. The 
opposite side may then provide the appearance of a pneumatic tyre or at least 
provide an uninterrupted side wall area onto which a manufacturer can emboss 
or otherwise incorporate trade mark and/or other marketing indicia onto the tyre. 

The cavities may be in a circumferentially spaced apart relationship. The 
spacing between neighbouring cavities may be substantially equal. 
cir^mfereitfafcspadngsbetwee 
between the cavities 



The cavities may comprise a(firetfc^f^^ the resiliently deformable 

body. ^ — ' 

There may be a second set of cavities in the resiliently deformable body. The 
cavities in the second set may be of any appropriate cross-sectional shape and 
not necessarily a shape which has the features of the cavities of the first set 
For example, the cavities in the second set may have a cross-sectional shape 
which is simply circular in the undeformed condition of the body. It may, 
however, be desirable for the cavities of the second set to have the features of 
the cavities of the first set, particularly if they would otherwise be susceptible to 
formation of zones of high stress concentration. 




The V^vit^j) in the | econd )(set)may be in a circumferentially spaced apart 
relationship. 
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The cavities in the first and second sets may b in a ^tagge re^ r lationship with 
respect to ach other or there may be ^lignmer^ between the cavities. In the 
latter case, each cavity in th e second set may be aligned with a respective cavity 
in the first set along a line n^r ^to the direction of cyclical movement of the 
ground-engaging structure. Thus, in a tyre the respective aligned cavities would 



be aligned along a radial axis of the tyre. 



The resiliency deformable body may incorporate reinforcement foiftfifes 
tefcejaW^ 

10 

In one arrangement, the resiliently deformable body may have an outer surface 
for con tact with the ground, in which case it may be provided with a ({read^ 
^rmatb n^ In another arrangement, the outer surface of the resiliently 
deformable body may be adapted to support another structure which provides 
15 the tread or otherwise facilitates engagement with the ground. 

The resiliently deformable body may have an^ne^urfe^for engagement with 
a cyclically movable support In the case of a ground-engaging structure in the 
form of a tyre, the cyclically movable support may comprise a wheel rim. In the 
20 case of a ground-engaging structure for an endless track, the cyclically movable 
support may comprise an endless band passing around track rollers. 



The ground-engaging structure may be of a one-piece construction or) it mayb e 
^formed of a plurality of ground-engaging segmen ts which can be assembled 
25 together to provide a ground-engaging structure of composite construction. fgSgj&g 

This is because the one-piece construction does not have the interfaces 
between the segments which exist in the composite construction, which 
30 interfaces are in rubbing contact during cyclical movement of the 
ground-engaging structure. 
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Th invention also provides a ground-engaging segment which along with other 
such segments can be assembled to form a ground-engaging structure as 
hereinbefore defined. 

Each segment may comprise a resiliently deformable body having provided 
therein a cavity bounded by a cavity wall, the cavity being arranged to assume a 
cross-sectional configuration upon resilient deformation of the body under 
normal static load conditions, wherein said configuration inhibits formation of 
zones of high stress concentration at the cavity wall. 

The body of the segment may have a plurality the said cavities provided therein. 



■gtQumraiiigagHDgL^ 
15 Ib^iBoag^pS^mina^^n^ction) More particularly, the body may have an 
(|nn^p^on)for pbsiEoningon a cyclically movable support. an(o^rVportion N 



disposed outwardly of the inner portion for engaging the ground^ ^andlf 
resiliently deformable(j ^mTedia ^po^o^tween the inner and outer portions, 
wherein the inner, intermediate and outer portions are formed as layers of 
20 materials having different hardness characte ristics. 

The (^jtery^ort^ is preferably elastomeric material having wear resistance 
characteristics suitable to provide a tread structure such as rubber having a 
hardness of about 63 to 75 Shore A and preferably within the range 65 to 70 
25 Shore A. 



30 



The(^m^i^la^r)is preferably of elastomeric material suitable to provide 
load support and cushioning, such as rubber having a hardness of about 55 to 
75 Shore A 



In one arrangem nt, the inner portion may be formed of elastomeric material of a 
hardness suitable for gripping engagement with the cyclically movable support 
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such as rubber having a hardness of about 75 to 96 Shore A and pref rably 
within the rang 80 to 90 Shore A. With such an arrang m nt t the inner portion 
may include reinforcing means such as circumferential reinforcing rings. In 
another arrangement, the inner portion may comprise a substantially rigid band 
5 such as a steel ring. 

The inner portion may be of integral construction or it may be of a split 
construction so that it can expand and contract to facilitate installation of the tyre 
onto the support, in the case of a split construction, the inner portion may 
10 comprise a plurality of segments positioned in circumferential relationship such 
that the segments can move into a ctrcumferentially spaced apart relationship 
upon expansion of the inner portion. 

While the cavities are preferably located entirely within the intermediate layer, 
1 5 they may penet rate the outer layer, the inner layer, or both of the outer and inner 
layers. 



The present invention also provides a cyclically movable ground-engaging 
structure comprising an annular body having an inner portion for positioning on 
20 a support, an outer portion disposed outwardly of the inner portion for engaging 
the ground, and a resiliency deformable intermediate portion between the inner 
and outer portions, wherein the inner, intermediate and outer portions are 
formed as layers of materials having different hardness characteristics. 

25 The present invention still further provides a segment for a cyclically movable 
ground engaging structure, the segment comprising a body having an inner 
portion for positioning on a support, an outer portion disposed outwardly of the 
inner portion for engaging the ground, and a resiliency deformable intermediate 
portion between the inner and outer portions, wherein the inner, intermediate 

30 and outer portions are formed of materials having different hardness 
charact ristics. 
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The inv ntion still furth r provid s a cyclically movabl gr und-engaging 
structure comprising a resiliency deformable body having provided th rein a 
plurality of cavities in circumferentially spaced apart relationship, the cavities 
each having a cross-section which is elongate. The elongate cross-section of 
each of said cavities may have a major axis and wherein the cavity is oriented 
such that the major axis of the cross-section thereof is substantially normal to 
the direction of cyclical movement. The cross-section of each of said cavities 
comprises two opposed end portions in opposed relationship along said major 
axis, wherein each of said end portions comprises an arc. The end portions may 
be entirely arcuate. The arcs may have equal or unequal radii of curvature. 

The present invention still further provides a cyclically movable ground-engaging 
structure comprising a resiliency deformable body having provided therein a 
plurality of cavities, said cavities comprising a first set of cavities arranged in 
circumferentially spaced apart relationship and a second set of cavities arranged 
in drcumferentially spaced apart relationship the first set of cavities being 
positioned outwardly of the first set in the direction away from the inner surface, 
each of the cavities in the second set being aligned in a direction normal to the 
direction of cyclical movement with a respective one of the cavities in the first 
set. 

The present invention still further provides a cyclically movable ground-engaging 
structure comprising a resiliency deformable body having provided therein a 
plurality of cavities, said cavities comprising a first set of cavities arranged in 
circumferentially spaced apart relationship and a second set of cavities arranged 
in circumferentially spaced apart relationship the first set of cavities being 
positioned outwardly of the first set in the direction away from the inner surface, 
each of the cavities in the second set being aligned in a direction normal to the 
direction of cyclical movement with a respective one of the cavities in the first 
set, the cavities in the first set being of a rounded configuration in cross-section 
and the cavities in the second set being circular in cross-section. 
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Th present inv ntion still further provides a cyclically movabl ground-engaging 
structure comprising a resiliently defbrmabl body having provided therein a 
plurality of cavities, said cavities comprising a first set of cavities arranged in 
circumferentially spaced apart relationship and a second set of cavities arranged 
5 in circumferentially spaced apart relationship the first set of cavities being 
positioned outwardly of the first set in the direction away from the inner surface, 
at least some of the cavities in at least one of the first and second sets being of 
non-circular cross-section. 



1 0 Brief Description of the Drawings 

The invention will be better understood by reference to the following description 
of various specific embodiments thereof. 



15 The description will be made with reference to the accompanying drawings in 
which: 

Fig. 1 is a schematic view of a non-pneumatic tyre of the type knownirT^ 
the^riorart, with the tyre being illustrated in an unloaded condition; 
20 \ Fig. 2 is a view similar to Fig. 1 with the exception that the tyre is 
illustrated in a deformed condition under a static load; 
Fig. 3 is a perspective view of a tyre according to a first embodiment of 
the invention; 

Fig. 4 is a fragmentary perspective view of the tyre of the first 
25 embodiment; 

Fig. 5 is a fragmentary side elevational view of the tyre of the first 
embodiment; 

Fig. 6 is a fragmentary schematic elevational view illustrating the tyre of 
the first embodiment in contact with the ground and deflecting under a 
30 static load condition; 

Fig. 7 is a view similar to Fig. 6 except that th tyre is shown defl cting 
under a high torque loading condition; 
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Fig. 8 is a sid view of a wheel fitt d with a tyre according to a second 
embodim nt, the tyre being of composite construction comprising an 
assembly of tyre segments; 

Fig. 9 is a perspective view of a tyre segment for the tyre of Fig 8; 
Fig. 10 is a perspective view of a tyre according to a third embodiment; 
Fig 1 1 . is a side view of the tyre of Fig 10 shown fitted on a wheel rim; 
Fig. 12 is an end view of the tyre of the third embodiment showing the 
tread structure; 

Fig. 13 is a cross-sectional view along the line 13-13 of Fig. 1 1 ; 

Fig. 14 to 20 inclusive are schematic views of the tyre according to the 

third embodiment deflecting under various static loads; 

Fig. 21 is a cross-sectional view of a tyre according to a fourth 

embodiment fitted onto a wheel rim; 

Fig. 22 is a cross-sectional view of a tyre according to a fifth embodiment 
fitted onto a wheel rim; 

Fig. 23 is a side view of a tyre according to a sixth embodiment; 

Fig. 24 is a schematic side view of the tyre of a seventh embodiment 

deforming under load; 

Fig. 25 is a fragmentary side view of the tyre of the seventh embodiment 
showing the deformation under load; 

Fig. 26 is a side view of a tyre according to an eighth embodiment; 

Fig. 27 is a fragmentary side view of the tyre according to the eighth 

embodiment; 

Fig. 28 is a side view of a tyre according to a ninth embodiment; 

Fig. 29 is a fragmentary view on an enlarged scale showing the 

configuration of apertures in the embodiment of Fig. 28; 

Fig. 30 is a fragmentary view showing the configuration of apertures in a 

tyre according to a tenth embodiment; 

Fig. 31 is a schematic side view of a tyre according to an eleventh 
embodiment; 

Fig. 32 is a cross-sectional view of the tyre according to th embodiment; 
of Fig. 31; 
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Fig. 33 is a cross-sectional view of a tyr according to a tw Ifth 
mbodim nt; 

Fig. 34 is a schematic view of a tyre segment for assembly along with 
other such tyre segments to provide a tyre according to a still further 
5 embodiment; 

Fig. 35 to 39 inclusive illustrate various other shapes for cavities in 
ground-engaging structures according to the invention when in an 
undeformed condition; 

Fig. 40 is a schematic side view of an endless track for a tracked vehicle 
10 incorporating a ground-engaging structure according to a still further 

embodiment. 

Fig. 41 is a schematic perspective view of an endless track providing a 
ground-engaging structure according to a still further embodiment; and 
Fig 42 is a fragmentary view of the ground-engaging structure of Fig. 41 . 



15 



Description of Preferred Embodiments 




jmtodhme^hown in Figs. 3 to 7 of the accompanying drawings is directed 
to a cyclically movable ground-engaging structure in the form of a 
20 non-pneumatic tyre 10 which is IIM^^ 




tyre 10 is shown in engagement with a ground surface 1 1 in Figs. 6 and 7 of the 
drawings. 

25 The tyre 10 comprises an annular body 12 formed of elastomeric material such 
as rubber. The annular body 12 may incorporate suitable reinforcement, 
although no such reinforcement is illustrated in the drawings. 

The annular body 12 comprises a radially inner end 13 including inner face 15 
30 for engagement with a cyclically movable support such as a wheel rim (not 
shown) and a radially outer end 17 including outer face 19 for contact with the 
ground. A tr ad formation 21 is provided in the out r face 19 for gripping 
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engag m nt with the ground surface. A pair of opposed sid walls 23 xt nd 
b tween the inner portion 13 and outer portion 17. 

A plurality of circumferentially spaced longitudinal cavities 25 are provided 
5 within the annular body 12. Each cavity is bounded by a cavity wall 32. The 
cavities are each of a constant orientation within the annular body 12 throughout 
the length of the cavity. The cavities 25 provide core holes which extend ~aL^ 
between, and open onto, the opposed side walls 23 . In this embodiment, the 
cavities 25 are positioned in close proximity to the radially inner face 15, as 
1 0 shown in the drawings. 

The circumferential spacing of the cavities 25 provides load-supporting webs 27 
therebetween. 

15 Each cavity 25 has a cross-sectional shape which is an elongate closed curve 

26 rf /vwv^ The dosed curve 26 definin 8 the cross-sectional shape of 
each cavity 25 can be considered as two arcs 26a, 26b respectively defining a 
radially outer end portion 25a and a radially inner end portion 25b of the cross- 
sectional shape of the cavity, as shown in Fig. 5. The arcs 26a, 26b are 
20 connected by intermediate lines 26c, 26d to complete the closed curve. The 
intermediate lines 26c, 26d are arcuate. 

The elongate closed curve 26 of each cavity 25 has a ;ra{or^s28 centred 
along the length thereof, as shown in Fig. 5. The closed curve 26 also has a 
25 / W5Wi^ which is ^nsveree to the major axis 28 and which corresponds 
to the maximum transverse dimension (width) of the curve. 

The cavities 25 are each oriented such that the larger end thereof is disposed 
towards the radially outer end of the tyre. The ovoidal shape of each cavity 25 
30 andth orientation of th cavity provides an arrangement in which the centroid 
of the cavity is adjacent to the end th reof which is towards th radially outer 
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nd of the tyre. With this orientation, the major axis 28 of the ovoidal shap 
xtends in a radial direction of th tyre. 

The ratio of the dimension of each cavity 25 along the major axis 28 to the 
5 dimension along the further axis 29 is up to 2:1 . More particularly, the ratio is in 
the range 1.1:1 to 1.7:1, and is preferably 1.2:1. 

The ratio of up to 2:1 is advantageous as it provides a tyre which has sufficient 
resilience for a comfortable ride while providing adequate load support for 
1 0 normal working conditions. 



^^^^^^fHH^mi j^W^^^^H^m j It- pre tides each « 



cavit^tlPa^ised%i»H^ 
^Mm^^mm^mWd^m^^mMf^m^Mn^ such that the load 

15 supporting characteristics of that region is somewhat similar to the load 
supporting characteristics of the neighbouring regions 33 disposed outwardly of 
the webs 27 between the cavities. This provides a smooth, cushioned ride as 
the tyre rolls over the ground, tf the load carrying characteristics between the 
regions 31 and 33 were substantially different, the tyre may provide an uneven 

20 ride when travelling over smooth surfaces. 



25 Maticll&aasiasiiiiuisw 

Indeed, under static loading as illustrated in Fig. 6, the radius of curvature of 
each of the arcs 26a, 26b increases with the result that the cross-section 
configuration of the cavity approaches a circular form. This discourages 
formation of stress raisers of the type of concern. The presence of stress 
30 raisers can g nerate excessive heat which contributes to det rioration of the 
tyre and a reduction of its service life. 
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Referring particularly to Fig. 7, the tyre 10 wh n subjected to high tractiv load 
distorts to an ext nt that th cavities 25 develop an elongated, skewed shape 
but still maintain a substantially rounded condition. Consequently, zones having 
tight radii of curvature of the type illustrated in the prior art tyre shown in Fig. 2 
5 are not developed. 




While in this embodiment, the radially outer arc 26a has a larger radius of 
curvature than the radially inner arc 26b, a reverse arrangement may well apply 
20 in other situations. 



J Thj^r^gojgjng to the first embodiment is of one-piece construction. J The 
£secondembodim^ is illustrated in Fios 8 and 9 nf thg drawing j S 

directed to a tyre 40 which is somewhat similar to the tyre 10 of the first 

25 embodiment with the exception that, rather than being of one-piece construction, 
it is of composite construction which can be assembled from a plurality of tyre 
segments 41. Each tyre segment 41 comprises a body 48 of resiliently 
deformable tubular construction to provide the necessary cavity 45 therein. The 
tyre segments 41 can be positioned in circumferentially end-to-end relationship 

30 around a cyclically movable support in the form of a wheel rim 42 to provide th 
composite tyre 40. Each tyre segment 41 is adapted t be individually and 
removably fixed on a support face 43 of the wh el rim 42 by any suitable means 
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such as by bonding or by a fast ning system 46 which includes a damping piate 
47 received in th cavity 45 and secured to th wheel rim 42 by s curing bolts 
49. Fixing the tyre segments 41 to the wheel rim 42 in such fashion allows them 
to be replaced on an individual basis in the event of damage. 



The tyre segments 41 are a V-shape as shown in Fig 9 so that they can be 
mounted in interlocking engagement one with another on the wheel rim 42. 

Referring now to Fios. 10 to 20 of the accompanying drawings, a tyre 51 



10 according to melhin^mbodimenacomprises an annular body 53 formed of 
resiliently deformable material such as rubber. Reinforcement is incorporated 
into the rubber, as will be explained later. 

The annular body 53 has an inner portion 55 configured to fit onto a wheel rim 
1 5 56 and an outer portion 5 7 provided with a tread 58 for contact with the ground. 
The body 53 also has opposed sides 59. The wheel rim 56 in this embodiment 
is a conventional split-rim. 

A plurality of cavities 60 are provided in the annular body 53 to enhance its 
20 resilience for the purposes of providing a cushioned ride. The cavities extend 
cross-wise through the annular body 53 and open onto the opposed sides 59 
thereof. The cavities 60 are arranged in two sets, being cavities 63 in a first set 
61 and cavities 65 in a second set 62. The cavities 65 in the second set 62 are 
positioned radially inwardly of the cavities 63 in the first set 61 , as shown in the 
25 drawings. 

The cavities in each set 61, 62 are positioned in circumferentially spaced apart 
relationship. There is a one-to-one correspondence of cavities 63 in the first set 
61 with respect to cavities 65 of the second set 62 whereby each of the cavities 
30 in the first set is aligned with one of the cavities in the second set in the radial 
direction of the tyre. In this embodim nt, the radial alignment is such that ach 



5 
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of th cavities 63 in the first s t 61 is centred on a radial lin which passes 
through the centre of th respectiv cavities 65 in the second set 62. 

The cavities 63 in the first set 61 are of larger cross-sectional area than the 
5 cavities 65 in the second set 62. An advantage of the cavities 63 being of a 
larger cross-sectional area than the cavities 65, is that it avoids use of excessive 
elastomeric material in the outer region of the tyre where it is structural 
unnecessary. This has two benefits; first, it provides the outer peripheral region 
of the tyre with greater resilience than the inner region, and secondly, it reduces 

10 the amount of elastomeric material within the tyre so reducing the amount of 
heat likely to be generated during operation of the tyre. The greater resilience 
of the outer peripheral region of the tyre provides for a relatively soft ride in load 
conditions. As loading increases, the impact of reduced resilience of the inner 
peripheral region progressively increases so providing a progressively harder 

15 ride. 

In this embodiment, the cavities 63, 65 are of generally triangular configuration 
with rounded comers. The rounded nature of the cavities 63 and 65 avoids, or 
at least inhibits, formation of zones of tight radii of curvature at the walls of the 
20 cavities as the annular body deforms under normal working loads. The tyre is 
shown in Figs. 14 to 20 in conditions in which ft is deflecting under the influence 
various static loadings. 

The cavities 63 in the first set 61 are oriented in alternate arrangements such 
25 that some cavities have a base 69 thereof outermost and alternate cavities have 
an apex 73 thereof outermost. With this arrangement, load-bearing webs 75 
defined between neighbouring cavities 63 in the first set 61 have a substantially 
constant wall thickness. The arrangement also provides the webs 75 with an 
orientation with respect to the radial direction of the tyre. More particularly, 
30 neighb uring webs 75 are inclined in opposing directions, as shown in the 
drawings. The f ature whereby th load-bearing webs 75 are inclined with 
respect to the radial direction of the tyre, and in alternate opposing directions, 
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provid s th tyre with the ability to withstand high torqu loadings. Th inclined 
load-bearing webs 75 act as braces to resist circumferentially twisting betw en 
the outer and inner regions of the tyre when the tyre is subjected to high torque 
loadings. 

The spacing between cavities 65 in the second set 62 also provides load- 
bearing webs 77. 



Because the cavities 63 in the first set 61 are each aligned with a respective one 
10 of the cavities 65 in the second set 62, a circumferential web 79 is defined 
between aligned cavities 63 and 65. 

The arrangement of the various webs 75. 77 and 79 provides a system for 
distributing vertical and tractive loads imposed on the tyre within the tyre so that 
15 the loadings are not localised in the region of ground contact. 

The inner portion 13 of the tyre incorporates reinforcing strands 72. 

While the cavities 63 in the first set 61 have been shown centred on a common 
20 pitch circle, it should be understood that they may be arranged in some other 
arrangement such as a staggered arrangement. Similarly, while the cavities 65 
in the second set 62 have also been shown centred on a common pitch circle it 
should be understood that they may be arranged in any other suitable fashion. 

25 In this embodiment, the cavities 60 extended completely through the annular 
body 53. There may be circumstances where it is advantageous for the cavities 
not to extent completely through the bod y. Referring now tcmg. 2l/)here is 
illustrated a tyre according to a fourth embodiment which is simW~fifthe tyre of 
the third embodiment except that the cavities 63, 65 open onto one side of the 

30 tyre only. More particularly, the cavities 63, 65 xtend laterally into the annular 
body 53 from a common side 59 th reof and terminate inwardly of the opposed 
side of the body. In this way, the cavities 63, 65 are not visible from the 
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opposed side of th body 53, and thus when viewed from that side the tyre does 
not hav the appearance of a non-pneumatic tyre incorporating cavities to 
provide resilience. The opposed side of the tyre provides an uninterrupted 
surface onto which a manufacturer may incorporate trade mark material or other 
5 indicia such as information relating to the size and load-carrying characteristics 
of the tyre. 



The fifth embodiment, which is shown inMFig. 22, Js also similar to the third 
embodiment except that cavities 63, 65 extenaTh]flaterally into the body from 
10 both sides are positioned in pairs, with the two cavities of each pair being on 
opposite sides of the tyre and extending laterally inwardly in opposed 
relationship^TheJwo cavities of each pair terminate inwardly of each other to 
define {^partition 66)therebetween. 



15 Referring now to the sixth embodiment, which is shown in Figs. 23 of the 
drawings, there is shown a tyre 51 which is somewhat similar to that of the third 
embodiment with the exception that the cavities 65 in the second set 62 are of 
generally circular configuration. 

20 The tyres according to the fourth, fifth and sixth embodiments are arranged to 
operate at relatively high load and low speed conditions. These conditions 
normally apply in inctostrial and mining environments. One particular application 
for the tyres is 

25 There are other environments in which it is desirable to have a tyre which 
operates at higher speed and lower loa^ondifons. One such arrangement 
would be non-pneumatic tyres fitted to^^^^^The embodiment shown in 
Figs. 24 and 25 is directed to a non-pneumatic tyre 80 which can operate at 
higher speeds than the tyres according to the previous embodiments. The tyre 

30 according to this mbodiment is somewhat similar to the tyres of the previous 
embodim nts in that caviti s in the resili ntly deformable annular body 82 are 
arranged in two s ts, being cavities 83 in a first s t 81 and cavities 85 in a 
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second set 82. The cavities 83, 85 in this embodiment are, how v r, of a cross- 
section which is gen rally rectangular configuration with round d comers. 

In the various embodiments, the apertures have been described as being 
5 arranged in two sets; namely, a first set which is outermost and a second set 
which is innermost. There may, however, be situations in which it is 
advantageous to provide cavities in more than two sets. In such a case, the 
cavities may increase in cross-sectional area in the radially outward direction. 

10 In the embodiment which is shown in Figs. 23, the cavities 63, 65 are of 
triangular configuration, somewhat resembling an equilateral triangle with 
rounded comers. The embodiment shown in Figs. 26 and 27 is somewhat 
similar to the embodiment of Fig. 23 with the exception that the cavities 63 in the 
first set 61 are of a configuration comprising two spaced apart arcs 63a, 63b 

15 with the concave sides thereof in facing relationship, and curved lines 63c, 63d 
extending between the arcs to complete the closed curve. The closed curve 
somewhat resembles an isosceles triangle with rounded comers. The major 
axis of each isosceles triangle is aligned with a radial axis of the tyre. 
Additionally, the radius of curvature of rounding of each of the comers of the 

20 triangular shape in this embodiment is larger than that in the third embodiment, 
as can be seen from the drawings. The more generous rounding at the comers 
of this embodiment assists in further reducing the tendency of the comers of fold 
about themselves under high load conditions. Any such folding may create 
zones of tight radii at the comers which could lead to excessive heat generation 

25 resulting in degradation of the rubber and premature failure of the tyre. 

In this embodiment, alternate cavities 63 of the first set 61 are radially offset with 
respect to each other to a slight extent. 

30 The embodim nt shown in Figs. 28 and 29 of the accompanying drawings is 
also s mewhat similar to the mbodim nt shown in Fig. 23. In this embodim nt, 
at least some of the cavities 63 in the first set 61 are of generally circular 
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cross-section configuration. More particularly, th cavities 63 are so arrang d 
that alternat apertures are of a g nerally circular configuration. The remaining 
apertures are of generally triangular configuration with rounded comers and the 
apex of each such cavity positioned outermost. 

The embodiment shown in Fig. 30 is somewhat similar to the previous 
embodiment except that the cavities 63 in the first set 61 are no longer 
staggered in relation to each other; that is, the spacing between the tread and 
each cavities 63 is substantially equal. 

It is believed that the tyres according to the two immediately preceding 
embodiments may have improved rolling characteristics (so as to provide a 
smoother ride) in comparison to tyres according to the earlier embodiments. 



15 In the previous embodiments, the resiliency deformable body of the tyre has 
been of unitary construction, l^^^^^j^^^^^^^^^j^^^^j^g 

^^aiiar>©^^^MCrfithelt^§WfoThe embodiment shown in Figs. 31, 32, and 33 
provides such a tyre. 

20 

Referring to Figs. 31 and 32, the tyre comprises an annular body 90 of laminate 
construction comprising three layers of rubber including an inner layer 91, an 
intermediate layer 92 and an outer layer 93. The three layers are distinct and 
are bonded to each other at respective interfaces 95. The characteristics of the 
25 layers are selected according to the respective functions that the layers are to 
perform, as will be explained later. 



Ok 
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While the rubber employed for the intermediate layer 92 is resilient for the 
5 purposes of cushioning, the cushioning characteristics are enhanced by the 
presence of cavities 99 formed therein. The cavities 99 are of rounded 
cross-sectional shape and extend across the tyre to open onto opposed side 
faces 100 of the annular body 91 . 

10 The cavities 99 are arranged in two sets, being a first set 101 comprising a 
plurality of ctrcumferentially spaced cavities 103, and a second set 102 
comprising a plurality of circumferentially spaced cavities 105. 

The cavities 103 in the first set 101 are of larger cross-sectional area than the 
15 cavities 105 in the second set 102. The difference in the cross-sectional areas 
of the cavities 103 and 105 reduces the amount of elastomeric material used in 
the outer circumferential region of the intermediate layer 92 of the tyre. This 
assists in providing the outer region of the intermediate layer 92 with greater 
resilience than the inner region thereof and also reduces the amount of 
20 elastomeric material within the tyre so reducing the amount of heat likely to be 
generated during operation of the tyre. The greater resilience of the outer 
circumferential region of the intermediate layer 92 provides for a relatively soft 
ride in load conditions. As loading increases, the impact of the reduced 
resilience of the inner circumferential region arising from the smaller cavities 
25 1 05 progressively increases so providing a progressively harder ride. 

The cavities 105 in the second set 102 are of generally circular cross-sectional 
configuration, and the cavities 103 in the first set 101 are of generally triangular 
configuration with rounded comers. The cavities 103 in the first set 101 are 
30 oriented in altemat arrangem nts, as shown in Fig. 31. 
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The outer layer 93 which provides the tread structure 97 must be durable so as 
to provide good wear resistant characteristics. 



In this embodimen t the hardness of the various layers 91. 92 and 93 decreases 
10 in the radially outward direction of the tyre . The inner layer 91 is of hard rubber, 
being rubber having a hardness in the range of about 85 to 90 Shore A. The 
intermediate layer 92 is somewhat softer for cushioning and load support, and 
has a hardness of about 70 to 75 Shore A. The outer layer 93, which provides 
the tread structure 17, is formed of rubber selected for wear resistance so as to 
1 5 provide good service life and has a hardness of 63 to 65 Shore A 



The next embodiment, which is shown in Fig. 33 of the drawings, is somewhat 
similar to the immediately preceding embodiment inasmuch as it comprises a 
body of laminate construction including an inner layer 91, an intermediate layer 
20 92, and an outer layer 93. However, in this embodiment, the inner layer 91, 
which provides the inner portion of the tyre for mounting onto a wheel rim, 
comprises a rigid band 1 1 1 in the form of a steel ring. The steel ring is arranged 
to be fitted onto the wheel rim by way of an interference fit 

25 The intermediate layer 92 is bonded onto the steel ring 111 and includes a 
plurality of cavities 113 in circumferentially spaced relationship and of a 
cross-section which is generally triangular with rounded comers. 

The embodiment shown in Figs. 8 and 9 is directed to a composite tyre 
30 assembled from a plurality of tyre segments. It should be understood that any of 
Jhe other embodiments directed to a one-piece tyre could also be of composite 
construction. In this regard, the embodiment shown in Fig. 34 of the drawings 
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illustrates a tyre segment 120 which along with similar such segments can be 
assembled on a wheel rim to form a composite tyre. The assembled composite 
tyre would have a first set of cavities in circumferentially spaced relationship and 
a second set of cavities in circumferentially spaced relationship, the first and 
second sets being radially offset with respect to each other, as is illustrated in 
some of the earlier embodiments. 

The tyre segment 120 comprises a body 121 of resilient deformable material and 
a plurality of cavities provided therein. The cavities extend through the body 
and open onto the opposed ends 125 thereof. The cavities comprise a pair of 
first cavities 127 and a second cavity 129. The cavities 127, 129 are of rounded 
shape in cross-section as shown in the drawing. The pair of first cavities 127 
form, along with corresponding cavities in similar such tyre segments, the first 
set of cavities in the composite tyre. Similarly, the second cavity 129, along with 
corresponding cavities in similar such tyre segments, form the second set of 
cavities in the composite tyre. 

From the various embodiments which have been described and illustrated, it is 
evident that the cavities formed in the resiliently deformable body, whether of 
one-piece construction or segmented construction, can be of various 
cross-sectional shapes. Various other cross-sectional shapes may also be 
suitable including the shapes illustrated schematically in Figs. 35 to 39 of the 
accompanying drawings. Each of the illustrated shapes 130 is elongate so as to 
have a major axis 132 and a further axis 134 transverse to the major axis 132 at 
a location corresponding to the maximum width. In the shape illustrated in Fig. 
39, there are two such further axes. The shapes each have two end portions 
131 in opposed relationship along the major axis. Typically, the cavities would 
be so arranged that each has the major axis of its cross-sectional shape normal 
to the direction of cyclical movement of the ground-engaging structure. 

Each shape 130 is a closed curv comprising a pair of arcs 133 in opposing 
relationship and two int rmediat lines 135 extending between the arcs 133 to 
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compl te th closed curve. From the various figures, it can be seen that the 
int rmediat lines 135 can be straight or curved. 

The various shapes 130 have a ratio of the dimension along the major axis 132 
5 to the dimension along the minor axis up to 2:1. In the shape illustrated in Fig. 
35, the ratio is preferably within the range 1.4:1 to 1.6:1. 

The various embodiments which have been described have been directed to 
ground-engaging structures in the form of tyres for wheels. A ground-engaging 
1 0 structure according to the invention can also be applied to an endless track for a 
tracked vehicle. One such ground-engaging structure will now be described in 
relation to Fig. 40 of the accompanying drawings. 

The ground-engaging structure 140 illustrated in Fig. 40 of the drawings 
1 5 comprises endless band 141 passing around track end rollers 143. The endless 
band 141 is supported between the end rollers 143 by an upper support roller 
1 45 and a plurality of spaced apart lower support rollers 1 47. 

The endless band 141 is of one-piece construction and comprises a body 149 
20 formed of resiliency deformable material such as rubber. The body may 
incorporate reinforcement means (not shown). The body 149 is configured to 
define a plurality of spaced apart ground-engaging pads 151 each of which 
includes a rounded cavity 153 extending therethrough. As with the embodiment 
described in relation to a tyre, the shape of the cavity 153 is such that it avoids, 
25 or at least inhibits, formation of zones of high stress concentration in the 
resiliently deformable pads 151 when they deform under normal working loads. 

While the ground-engaging structure according to the embodiment shown in Fig. 
40 is of one-piece construction, it is also possible for it to be of segmented 
30 construction. One such construction is illustrated in the embodiment shown in 
Figs. 41 and 42 of the accompanying drawings. In this embodiment, the ground- 
engaging structure 160 is supported on a flexible endless band 161 having an 
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out r face 162. Th band 161 is adapted to be mounted for cyclical mov m nt 
about track nd roll rs (not shown). The ground-engaging structure 160 
comprises a plurality of track segments 163 having an inner face 164 supported 
on the outer face 162 of the endless band 161. Each track segment 163 
5 comprises a resiliency deformable body 165 having one or more cavities 
provided therein. In this embodiment, each resiliency deformable body 165 has 
three cavities, being a pair of first cavities 167 and a second cavity 169. The 
pair of first cavities 167 co-operate with similar such cavities in other track 
segments to provide the ground-engaging structure with a first set 171 of 
10 cavities. Similarly, the second cavity 169 co-operates with corresponding 
cavities of other track segments to provide the ground-engaging structure with a 
second set of cavities 172 spaced inwardly of the first set. 

The various track segments are individually and preferably releasably secured 
15 to the endless band 161 by any suitable means such as by bonding or a 
detachable fixing system. 



From the foregoing, it is evident that the ground-engaging structures according 
to the various embodiments, whether they relate to tyres or endless tracks and 




30 It should be appreciated that th scope of th invention is not limited to th 
scope of the various mbodim ntsd scribed. 
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Claims 

1. A cyclically movable ground-engaging structure comprising a resiliently 
defbrmable body having provided therein a cavity bounded by a cavity wall, the 
5 cavity being arranged to assume a cross-sectional configuration upon resilient 
deformation of the body under normal static load conditions wherein said 
configuration inhibits formation of zones of high stress concentration at the 
cavity wall. 

10 2. A cyclically movable ground-engaging structure according to claim 1 
wherein the cross-sectional configuration assumed by the cavity upon the 
resilient deformation of the body comprises a closed curve. 

3. A cyclically movable ground-engaging structure according to daim 1 or 2 
15 wherein the cavity is arranged to assume said cross-sectional configuration 

upon resilient deformation of the body through formation of the cavity in a 
suitable cross-sectional shape in the undeformed condition of the body. 

4. A cyclically movable ground-engaging structure according to claim 3 
20 wherein the cavity comprises a longitudinal cavity having a cross-sectional 

shape which is rounded without being circular. 

5. A cyclically movable ground-engaging structure according to claim 4 
wherein the cross-section of the cavity is generally triangular with rounded 

25 corners. 

6. A cyclically movable ground-engaging structure according to claim 5 
wherein the cross-section of the cavity is generally polygonal with rounded 
corners. 

30 

7. A cyclically movable ground-engaging structure according to claim 5 or 6 
wherein at least one side of the triangle or polygon is arcuate. 
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8. A cyclically movable ground-engaging structure according to claim 4 
wherein the cross-section of the cavity comprises a closed curve. 

5 9. A cyclically movable ground-engaging structure according to claim 4 
wherein the cross-section of the cavity comprises a pair of spaced apart arcs 
with the concave sides thereof in facing relationship and intermediate lines 
extending between the arcs. 

10 10. A cyclically movable ground-engaging structure according to claim 9 
wherein said arcs have radii of curvature which are unequal. 

11. A cyclically movable ground-engaging structure according to claim 9 or 
10 wherein said lines extending between the arcs are curved. 

15 

12. A cyclically movable ground-engaging structure according to claim 11 
wherein the cross-section of the cavity is an ellipse or ovoid. 

13. A cyclically movable ground-engaging structure according to any one of 
20 claims 4 to 12 wherein the cavity is elongate in cross-section in the undeformed 

condition of the body. 

14. A cyclically movable ground-engaging structure according to claim 13 
wherein the elongate cavity is so disposed that the major axis of the cross- 

25 sectional shape of the cavity is substantially normal to the direction of cyclical 
movement of the ground-engaging structure. 

15. A cyclically movable ground-engaging structure according to any one of 
claims 4 to 14 wherein the cavity has two opposed end portions in cross-section 

30 which are aligned substantially with a direction normal to the direction of cyclical 
movement of the ground-engaging structure. 
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16. A cyclically movable ground-engaging structure according to claim 15 
wherein one of th end portions is enlarged with respect to the other. 

17. A cyclically movable ground-engaging structure according to any one of 
5 the preceding claims wherein the cavity opens onto the exterior of the body and 

extends into the body. 

18. A cyclically movable ground-engaging structure according to claim 17 
wherein the cavity extends cross-wise through the body with both ends of the 

1 0 cavity opening onto the exterior of the body. 

19. A cyclically movable ground-engaging structure according to claim 17 
wherein the cavity is open at one end and closed at the other end. 

15 20. A cyclically movable ground-engaging structure according to claim 17 
wherein the cavity is open at both ends and closed internally. 

21. A cyclically movable ground-engaging structure according to any one of 
the preceding claims wherein the cavity comprises a core hole. 

20 

22. A cyclically movable ground-engaging structure according to any one of 
the preceding claims wherein the body is provided with a plurality of said 
cavities. 

25 23. A cyclically movable ground-engaging structure according to claim 22 
wherein the cavities are in a circumferentially spaced apart relationship, the 
spacing between the cavities providing load-supporting webs between the 
cavities. 

30 24. A cyclically movabl ground-engaging structure according to daim 22 or 
23 wherein th cavities comprise a first set of caviti s within th resili ntly 
deformable body. 
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25. A cyclically movabl ground-engaging structure according to claim 24 
further comprising a second set of cavities in the resiliency deformable body. 

5 26. A cyclically movable ground-engaging structure according to claim 25 
wherein the cavities in the second set are in a circumferentially spaced apart 
relationship. 

27. A cyclically movable ground-engaging structure according to claim 25 or 
10 26 wherein the cavities in the first and second sets are in a staggered 

relationship with respect to each other. 

28. A cyclically movable ground-engaging structure according to claim 25 or 
26 wherein each cavity in the second set is aligned with a respective cavity in 

15 the first set along a line normal to the direction of cyclical movement of the 
ground-engaging structure. 

29. A cyclically movable ground-engaging structure according to any one of 
claims 25 to 28 wherein the cavities of the second set are disposed inwardly of 

20 the cavities in the first set and are of a smaller cross-sectional area than the 
cavities of the first set 

30. A cyclically movable ground-engaging structure according to any one of 
the preceding claims wherein the resiliency deformable body incorporates 

25 reinforcement for the purpose of enhancing the strength and durability thereof. 

31 . A cyclically movable ground-engaging structure according to any one of 
the preceding claims wherein the resiliency deformable body has an outer 
surface for contact with the ground. 

30 

32. A cyclically movable ground-engaging structure according to any one of 
claims 1 to 30 wherein the resiliently deformable body has an out r surface 
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adapt d to support another structure which provides a tread or otherwis 
facilitates engagement with th ground. 

33. A cyclically movable ground-engaging structure according to any one of 
5 the preceding claims resiliently deformable body has an inner surface for 

engagement with a cyclically movable support. 

34. A cyclically movable ground-engaging structure according to any one of 
the preceding claims wherein it is of a one-piece construction. 



10 



15 



35. A cyclically movable ground-engaging structure according to any one of 
claims 1 to 33 wherein it comprises a plurality of ground-engaging segments 
which can be assembled to provide the ground-engaging structure of composite 
construction. 

36. A cyclically movable ground-engaging structure according to any one of 
the preceding claims wherein the resiliently deformable body is of a laminate 
construction. 



20 37. A cyclically movable ground-engaging structure according to claim 36 
wherein the resiliently deformable body comprises an inner portion for 
positioning on a cyclically movable support, an outer portion disposed outwardly 
of the inner portion for engaging the ground, and a resiliently deformable 
intermediate portion between the inner and outer portions, wherein the inner, 

25 intermediate and outer portions are formed as layers of materials having 
different hardness characteristics. 

38. A cyclically movable ground-engaging structure according to claim 37 
wherein the outer portion is of elastomeric material having wear resistance 
30 charact ristics suitable to provide a tread structure such as rubber having a 
hardness of about 63 to 65 Shore A 
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39. A cyclically movable ground-engaging structure according to claim 37 or 
38 wh rein th int rm diate layer is of elastomeric material suitable to provide 
load support and cushioning, such as rubber having a hardness of about 70 to 
75 Shore A. 

5 

40. A cyclically movable ground-engaging structure according to claim 37 or 
38 wherein the inner portion is formed of elastomeric material of a hardness 
suitable for gripping engagement with the cyclically movable support. 

10 41. A cyclically movable ground-engaging structure according to claim 40 
wherein the inner portion comprises elastomeric material such as rubber having 
a hardness of about 85 to 90 Shore A. 

42. A cyclically movable ground-engaging structure according to claim 40 
15 wherein the inner portion comprises a substantially rigid band such as a steel 

ring. 

43. A cyclically movable ground-engaging structure according to claim 40, 41 
or 42 wherein the inner portion is of a split construction so that it can expand 

20 and contract to facilitate installation onto the support 

44. A cyclically movable ground-engaging structure according to claim 43 
wherein the inner portion comprises a plurality of segments positioned in 
circumferential relationship such that the segments can move into a 

25 circumferentially spaced relationship upon expansion of the inner portion. 

45. A ground-engaging segment which along with other such segments can 
be assembled to form a ground-engaging structure according to any one of the 
preceding claims. 

30 

46. A ground ngaging segment comprising a resili ntly deformable body 
having provided therein a cavity bounded by a cavity wall, the cavity being 
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arranged to assume a cross-sectional configuration upon resilient deformation of 
the body und r normal static load conditions, wherein said configuration inhibits 
formation of zones of high stress concentration at the cavity wall. 

5 47. A ground-engaging segment according to claim 46 wherein the 
cross-sectional configuration assumed by the cavity upon the resilient 
deformation of the body comprises a closed curve. 

48. A ground-engaging segment according to claim 46 or 47 wherein the 
10 cavity is arranged to assume said cross-sectional configuration upon resilient 

deformation of the body through formation of the cavity in a suitable 
cross-sectional shape in the undeformed condition of the body. 

49. A ground-engaging segment according to claim 48 wherein the cavity 
1 5 comprises a longitudinal cavity having a cross-sectional shape which is rounded 

without being circular. 

50. A ground-engaging segment according to claim 48 wherein the 
cross-section of the cavity is generally triangular with rounded comers. 

20 

51. A ground-engaging segment according to ciaim 48 wherein the cross- 
section of the cavity is generally polygonal with rounded comers. 

52. A ground-engaging segment according to claim 50 or 51 wherein at least 
25 one side of the triangle or polygon is arcuate. 

53. A cyclically movable ground-engaging structure according to claim 48 
wherein the cross-section of the cavity comprises a closed curve. 



54. A ground-engaging segm nt according to claim 48 wherein the 
cross-section of the cavity comprises a pair of spaced apart arcs with the 
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concave sid s ther of in facing r lationship and int rmediat lines xtending 
between the arcs. 

55. A ground-engaging segment according to claim 54 wherein said arcs 
5 have radii of curvature which are unequal. 

56. A ground-engaging segment according to claim 54 or 55 wherein said 
lines extending between the arcs are curved. 

10 57. A ground-engaging segment according to claim 56 wherein the 
cross-section of the cavity is an ellipse or ovoid. 

58. A ground-engaging segment according to any one of claims 46 to 57 
wherein the undefbrmed condition of the body, the cavity is elongate in 

1 5 cross-section in the undeformed condition of the body. 

59. A ground-engaging segment according to claim 58 wherein the elongate 
cavity is so disposed that the major axis of the cross-sectional shape of the 
cavity is substantially normal to the direction of cyclical movement of the 

20 ground-engaging structure. 

60. A ground-engaging segment according to any one of claims 46 to 59 
wherein the cavity has two opposed end portions in cross-section which are 
aligned with a direction substantially normal to the direction of cyclical 

25 movement of the ground-engaging structure. 

61. A ground-engaging segment according to claim 60 wherein one of the 
end portions is enlarged with respect to the other. 

30 62. A ground-engaging segment according to any one of claims 46 to 61 
wherein the cavity pens nto th xt rior of the body and extends into th 
body. 
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63. A cyclically movabl ground-engaging structure according to claim 62 
wherein the cavity extends cross-wise through the body with both ends of the 
cavity opening on to the exterior of the body. 

5 

64. A cyclically movable ground-engaging structure according to claim 63 
wherein the cavity is open at one end and closed at the other end. 

65. A cyclically movable ground-engaging structure according to claim 62 
1 0 wherein the cavity is open at both ends and closed internally. 

66. A cyclically movable ground-engaging structure according to any one of 
claims 46 to 65 wherein the cavity comprises a core hole. 

15 67. A cyclically movable ground-engaging structure according to any one of 
claims 46 to 66 wherein the body is provided with a plurality of said cavities. 

68. A cyclically movable ground-engaging structure comprising an annular 
body having an inner portion for positioning on a support, an outer portion 
20 disposed outwardly of the inner portion for engaging the ground, and a 
resiliently deformable intermediate portion between the inner and outer portions, 
wherein the inner, intermediate and outer portions are formed as layers of 
materials having different hardness characteristics. 

25 69. A segment for a cyclically movable ground-engaging structure, said 
segment comprising a body having an inner portion for positioning on a support, 
an outer portion disposed outwardly of the inner portion for engaging the 
ground, and a resiliently deformable intermediate portion between the inner and 
outer portions, wherein the inner, intermediate and outer portions are formed of 

30 mat rials having different hardness characteristics. 
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70. A cyclically movable ground-engaging structure comprising a resiliently 
defonmable body having provided therein a plurality of caviti s in 
circumferentially spaced apart relationship, the cavities each having a 
cross-section which is elongate and of substantially constant orientation 

5 throughout the body. 

71. A cyclically movable ground-engaging structure according to claim 70 
wherein the elongate cross-section of each of said cavities has a major axis and 
wherein the cavity is oriented such that the major axis of the cross-section 

1 0 thereof is substantially normal to the direction of cyclical movement. 

72. A cyclically movable ground-engaging structure according to claim 71 
wherein the cross-section of each of said cavities comprises two opposed end 
portions in opposed relationship along said major axis, wherein each of said end 

1 5 portions comprises an arc. 

73. A cyclically movable ground-engaging structure according to claim 72 
wherein the arcs have radii of curvature which are unequal. 

20 74. A cyclically movable ground-engaging structure comprising a resiliently 
deformable body having provided therein a plurality of cavities, said cavities 
comprising a first set of cavities arranged in drcumferentially spaced apart 
relationship and a second set of cavities arranged in circumferentially spaced 
apart relationship the first set of cavities being positioned outwardly of the first 

25 set in the direction away from the inner surface, each of the cavities in the 
second set being aligned in a direction to the direction of cyclical movement with 
a respective one of the cavities in the first set. 

75. A cyclically movable ground-engaging structure comprising a resiliently 
30 deformabl body having provided therein a plurality of cavities, said cavities 
comprising a first set of cavities arrang d in circumf rentially spaced apart 
relationship and a second set of cavities arranged in circumferentially spaced 
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apart relationship the first set of cavities being positioned outwardly of the first 
set in the direction away from th inner surface, ach of the cavities in the 
second set being aligned in a direction normal of the direction of cyclical 
movement with a respective one of the cavities in the first set, the cavities in the 
5 first set being of a rounded configuration in cross-section and the cavities in the 
second set being circular in cross-section. 

76. A cyclically movable ground-engaging structure comprising a resiliently 
deformable body having provided therein a plurality of cavities, said cavities 

10 comprising a first set of cavities arranged in circumfererrtially spaced apart 
relationship and a second set of cavities arranged in circumferentially spaced 
apart relationship the first set of cavities being positioned outwardly of the first 
set in the direction away from the inner surface, at least some of the cavities in 
at least one of the first and second sets being of non-circular cross-section. 

15 

77. A cyclically movable ground-engaging structure according to claim 76 
wherein said at least some of the cavities are of a rounded configuration in 
cross-section. 

20 78. A cyclically movable ground-engaging structure according to claim 76 or 
77 wherein said at least some of the cavities are of an elongate cross-section. 

79. A cyclically movable ground-engaging structure according to claim 78 
wherein the elongate cross-section has a major axis and wherein the respective 
25 cavities are oriented such that each has the major axis of the cross-section 
thereof substantially normal to the direction of cyclical movement of the 
ground-engaging structure. 



80. A cyclically movable ground-engaging structure according to any one of 
30 claims 70 to 75 of composite construction comprising a plurality of 
ground-engaging segments. 
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81. A gr und-engaging segm nt for assembly along with other such 
segments to provide a composite ground-engaging structure according to claim 
80. 
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